4-mm silicon nitride rotors with Torlon caps. Tagish Lake repeat analyses were at 0.5-, 1.0-, and 2.0-ms contact time. 17 (15) (16) (17) (18) and more specifically to hippopotami within Artiodactyla (19) (20) (21) (22) (23) (24) (25) (26) (27) . Here we provide paleontological evidence showing that whales evolved from early artiodactyls rather than mesonychid condylarths. Artiodactyla (Greek artios, entire or evennumbered, and dactylos, finger or toe) are named for the even number (two or four) of manual and pedal digits (fingers and toes) found on each hand (manus) and foot ( pes) in extant taxa. Ankle or tarsal bones are the most diagnostic elements of the artiodactyl skeleton (28, 29) . In contrast, mesonychids have comparatively generalized mammalian tarsals (29) . Most cetaceans lack hind limbs, but recovery of reduced tarsal bones in middle-to-late Eocene archaeocetes Dorudon and Basilosaurus from Egypt (30) raised hope that earlier archaeocetes might retain tarsals that could be compared with artiodactyls and mesonychids.
Primitive archaeocetes are best known from shallow marine sedimentary rocks of early and middle Eocene age deposited in the eastern Tethys Sea in what is now India and Pakistan. In the year 2000, we found two partially articulated skeletons of early Protocetidae preserving fore-and hind limbs. Protocetidae are generally considered to be ancestral to later Basilosauridae and, hence, on the main line of cetacean evolution (1) . One of the new skeletons represents a new genus and species, and the second represents a new species within an existing genus. Both come from transitional beds at the top of the Habib Rahi Formation and base of the Domanda Formation in Lakha Kach syncline near Rakhni, in the eastern part of Balochistan Province, Pakistan. Habib Rahi limestones represent the early Lutetian high sea stand in the Indus Basin, and the age of the transitional zone yielding the whales described here is about 47 million years ago (Ma) (31, 32) . For comparison on the same time scale, the ages of pakicetids Himalayacetus (12) and Pakicetus (6) are about 53.5 and 48 Ma, respectively; the age of ambulocetid Ambulocetus (7) is between 48 and 47 Ma; and the age of basilosaurids Basilosaurus and Dorudon in Egypt (30) is about 37 Ma.
Artiocetus clavis, new genus and species (33), includes a virtually complete skull ( Fig. 1 ) that increases the range of cranial forms and feeding specializations known in early Protocetidae. Artiocetus is distinctive in that its external nares are positioned well forward on the dorsal surface like those of land mammals, it has a narrower frontal shield than that of other protocetids (relative to both the length of the cranium and breadth of the cranial base), and it has a wide cranial base relative to its skull length (29) . Artiocetus is slightly older geologically (circa 0.5 million years) than other early protocetids (8, 34) , and its proportions are likely to be primitive for the family.
The skeleton of Artiocetus was located after pieces of ankle bones, including a complete left astragalus, partial left calcaneum, and complete left cuboid, were found on the surface. Other bone pieces were traced upslope about 2 m to a point where a pelvis and lumbar vertebrae were lying in situ on a bedding plane. Excavation yielded the articulated thorax, cervical vertebrae, and, lastly, the skull (29) . All are parts of the same specimen: no land mammals are known from this stratigraphic interval; no other mammalian specimens were found in the vicinity; all are similar in size, color, and preservation; and no parts are duplicated. The astragalus and cuboid ( Fig. 2A) have characteristics that are clearly diagnostic of Artiodactyla. On the astragalus, the head has a well-developed navicular trochlea, the sustentacular facet is a proximodistally elongate oval on the ventral surface of the astragalus, and the ectal facet is a relatively small oval concavity on the lateral surface. The cuboid has the distinctive artiodactyl combination of a concave astragalar facet paired with a characteristically notched, convex, calcaneal facet.
Rodhocetus balochistanensis, new species (35) , is referred to Rodhocetus because the new specimen has a femur with a relatively short, mediolaterally expanded shaft like that of the type species R. kasrani (8) (femoral shafts known for other early protocetids, including Artiocetus, are more cylindrical). The skull of R. balochistanensis is not well preserved. It was smaller but probably similar in proportions to that of R. kasrani (29) . Axial skeletons of the two species can be compared, and that of R. balochistanensis is about 13% smaller in linear dimensions. Fore-and hind limbs are virtually complete and complement what was known of Rodhocetus previously. The wrist is that of a generalized mammal, broad and gently arched, with no carpal fusion and no centrale (Fig. 2B) . Carpals are alternating rather than serial. The manus is mesaxonic, with the central digit (III) being longest and most robust. Proximal phalanges of digits II through IV were constrained to be habitually slightly extended by flat articular surfaces and large sesamoids on metacarpals II through IV. These are the digits with relatively short, broad, hoof-bearing distal phalanges ( preserved in II and IV) (29) . On land, Rodhocetus walked on a digitigrade hand, with the central digits II through IV bearing weight. Digit I is shorter than the others and more slender, whereas digit V is virtually the same length as II through IV and also slender. The lateral digits were not weight-bearing, but appear to have been retained to broaden a webbed hand.
Ankle bones of Rodhocetus (Fig. 2C ) are long and narrow, with a deep tibial trochlea on the astragalus constraining lateral mobility, and a substantial calcaneal tuber providing leverage for powerful foot extension. The astragalus and cuboid have the artiodactyl characteristics mentioned above, and, in addition, the calcaneum has the convex dorsal fibular facet characteristic of artiodactyls. The pes is paraxonic, with unusually long and thin metatarsals and phalanges (including terminal phalanges). Matching interosseous surfaces bordering the proximal halves of the metatarsal shafts show that these could be tightly compressed. Articulations both with the tarsus and with the phalanges indicate that the metatarsals were sometimes well separated. Contraction of intrinsic muscles narrowed the foot when it was tightly flexed. Unusual flanges of bone on the proximomedial base of middle phalanges II and III and on the proximolateral base of middle phalanges IV and V (arrows in Fig. 2C ) provided leverage for opening the feet to maximum breadth during extension. Pedal phalanges cannot have been weight-bearing, but were elongated to stiffen a large webbed foot. On land Rodhocetus evidently walked on the plantar surface of the foot, with the calcaneum, plantar processes of other tarsals, and metatarsal sesamoids bearing weight, somewhat like eared seals do today. The structure of the hand is consistent with limited locomotion on land, but the foot shows that Rodhocetus was predominantly aquatic rather than terrestrial.
A skeletal restoration of Rodhocetus is shown in Fig. 3 . Metapodials and phalanges of the hands and feet are similar to those described for Ambulocetus natans (7, 36) , but the hands of Rodhocetus are longer (about 165% of radius length in Rodhocetus, compared with 145% of radius length in Ambulocetus) and the feet are even longer (about 279% of radius length and 158% of femur length in Rodhocetus, compared with 197% of radius length and 121% of femur length in Ambulocetus). Thewissen and Fish (37) interpreted Ambulocetus as an otter-like pelvic paddler, and this is a good model for Rodhocetus. If the hands and feet were webbed as inferred here, then Rodhocetus was probably capable of quadrupedal paddling as well as pelvic paddling. The robust tail of Rodhocetus suggests that caudal undulation was important as well, especially while moving beneath the water surface. (Note that the length of the tail is not known.) The forelimbs and hands could not be extended as broad pectoral flippers, which would be required to control recoil from undulation or oscillation of a caudal fluke (38) ; hence, it is doubtful that Rodhocetus had such a fluke.
The previously known astragalus and cuboid of basilosaurid archaeocetes were too reduced and specialized to permit comparison with generalized land mammals (30) . Inferences that astragali of Pakicetidae and Ambulocetidae are artiodactyl-like (39, 40) have been questioned because the bones involved are fragmentary and not associated with diagnostic cetacean material (13) . However, astragali and cuboids of Artiocetus and Rodhocetus described here are complete and in both cases were found with substantial protocetid skeletons (29) . These indicate that cetaceans evolved from early artiodactyls, which corroborates results of many immunological, DNA hybridization, and molecular sequencing studies, and resolves a longstanding disagreement between paleontologists and molecular systematists. Although there is a general resemblance of the teeth of archaeocetes to those of mesonychids, such resemblance is sometimes overstated and evidently represents evolutionary convergence (41) .
Close relationship of archaeocetes to artiodactyls casts new light on the morphology of primitive artiodactyls (42, 43) . Rodhocetus has a five-fingered mesaxonic hand, and the entocuneiform bears a facet for a first meta- Elements with oblique hatching were not recovered. Note artiodactyl characteristics in the well-developed navicular trochlea on the head of the astragalus, convex fibular facet on the calcaneum, and concave astragalar facet paired with a convex calcaneal facet notched into the cuboid. The hand is mesaxonic with three central weight-bearing toes that evidently bore nail-like hooves (distal phalanges preserved on digits II and IV ) flanked by more gracile lateral toes that lacked hooves [distal phalanx preserved on digit I; see (29) ]. The foot is paraxonic with four long toes, flanges of bone on the medial or lateral bases of the middle phalanges (arrows) providing leverage for opening the feet to maximum breadth during extension, and narrowly pointed ungules (distal phalanges preserved on digits II and III). Abbreviations: Ast., astragalus; ast. f., astragalar facet; Cal., calcaneum; cal. f., calcaneal facet; Cub., cuboid; Cun., cuneiform; fib. f., fibular facet; Lun., lunar; Mc, metacarpal; Mt, metatarsal; Nav., navicular; nav. tr., navicular trochlea; Pis., pisiform; Sca., scaphoid; tib. tr., tibial trochlea; Tra., trapezium; Unc., unciform. Trapezoid and magnum are present in carpus but not separately labeled. Illustration: Bonnie Miljour. Terminal vertebrae of the tail (hatched) are conjectural, and the tail was almost certainly longer than shown here. Forelimbs were probably folded against the body during rapid swimming by pelvic paddling at the sea surface and during rapid swimming by pelvic paddling and caudal undulation when submerged. On land, Rodhocetus supported itself on hoofed digits II, III, and IV of the hands and on the plantar surfaces of the feet, and probably progressed somewhat like a modern eared seal or sea lion. Illustration: Doug Boyer.
tarsal (Mt-I) retained from a formerly fivetoed foot. These primitive characteristics are found in the oldest known artiodactyls like early Eocene Diacodexis (42, 44) , but also in later anthracotheriid artiodactyls such as late Eocene-Oligocene Bothriodon from Europe ("Hyopotamus") (45) , and Elomeryx and possibly Heptacodon from North America (46, 47) . If hippopotamids are derived from anthracotheres (48) , then it appears plausible that hippopotami may be the closest living relatives of whales.
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Species richness in the tropics has been attributed to the gradual accumulation of species over a long geological period in stable equatorial climates or, conversely, to speciation in response to late Tertiary geological events and unstable Pleistocene climates. DNA sequence data are consistent with recent diversification in Inga, a species-rich neotropical tree genus. We estimate that speciation was concentrated in the past 10 million years, with many species arising as recently as 2 million years ago. This coincides with the more recent major uplifts of the Andes, the bridging of the Isthmus of Panama, and Quaternary glacial cycles. Inga may be representative of other species-rich neotropical genera with rapid growth and reproduction, which contribute substantially to species numbers in the world's most diverse flora.
The neotropical flora comprises about 90,000 plant species-37% of the world's total and more than the floras of tropical Africa (35,000 spp.) and Asia (40,000 spp.) combined (1) . Most of these species are found in rain forests, which have higher plant species diversity than any other habitat on the planet. How this diversity arose is unexplained (2, 3) . Early theories (the "museum model") suggested that a stable tropical climate allowed species to accumulate over time, with low rates of extinction in the absence of major environmental perturbations
